abnormalities with motor dysfunction. We also reviewed the pathogenesis of cataract and low IOP.
METhOd
A descriptive study was carried out from February 2013 to January 2014. Consecutive patients diagnosed with DM1, from the Neuromuscular outpatient Clinic at UNICAMP University Hospital were invited to participate in the study. This study was approved by the Ethics Committee in Research of the Faculty of Medical Sciences, UNICAMP, under the protocol no. 143.693/2012. Each patient signed a written informed consent before any studyrelated procedure.
Diagnosis of DM1 was based on clinical phenotype, including distinct facial findings, facial, cervical and predominant distal weakness and atrophy, associated with action and percussion miotonia. Patients were also submitted to the motor function measure scale, Portuguese version (MFM-P) 9 and ancillary exams including creatinekinase, electroneuromyography and routine laboratory tests. MFM-P scale includes 32 items, rated on a 4-point scale (0 to 3; 3 = completes the exercise in the standard normal pattern) and 3 dimensions (D1 = standing position and transfers; D2 = axial and proximal function; D3 = distal function). The total and sub scores are expressed as percentage of the highest possible score. DNA analysis was available in n = 25 patients. In most of these patients, screening for DMPK expansions was performed using the TP-PCR technique, which is a sensitive method but does not enable precise quantification of the CTG repeat length. The remaining patients did not have molecular testing, but for all of them there was at least one family member with a positive test and a clear autosomal dominant pattern of inheritance.
They were submitted to an ophthalmologic protocol that included: visual acuity, refraction, visual field confrontation, clinical color vision evaluation using Ishihara test, lid position, pupillary reflex, measurement of IOP, slit lamp biomicroscopy, fundus examination, motility measurements, stereopsis test, nystagmus evaluation. Visual acuity was considered with the best correction and Snellen visual acuity was converted to LogMAR acuity 10 . Refraction in patients under 18 years-old was performed 30 minutes after the instillation of 1% cyclopentolate. Color vision was assessed by Ishihara's test for color deficiency, 24 plates; 2007 edition, Kanehara Trading Inc., Tokyo, Japan. Slit lamp biomicroscopy used Haag-Streit aparatus (Koeniz, Suiss). Dilated fundus examination was performed after instillation of tropicamide 1% and phenylephrine 10%, using a 78 diopter lens in a Volk Optical, Mentor (Ohio, USA). IOP was recorded with Goldmann applanation tonometry (model R900, Haag-Streit, Koeniz, Suiss) after topical anesthesia with one drop of tetracaine 1% and phenylephrine 0.1% and instillation of one drop of fluorescein 1%. Ocular motility evaluation: the angles of deviation were measured with the best optical correction in place for the distance and the near and cardinal gaze positions. The measurements were made using the simultaneous and alternatecover tests. The Krimsky test was employed when the cover tests were not applicable. Ductions, versions and diplopia were also evaluated. Stereopsis was assessed using Titmus Stereo Fly, Circles and Animals Test (Stereo Optical Co., Inc., Chicago). Occasional patients were not able to complete some parts of the examination protocol, but the remaining tests performed were all considered for further analyses.
Statistical analysis was performed using MS-Excel (MS-Office 2010) for data organization and IBM SPSS (Statistical Package, version 22.0) for Spearman correlation test and Mann-Whitney test. Significance level was considered < 0.05.
RESUlTS
Forty-two patients were enrolled in the study, with ages ranging from 17 to 64 years (mean = 40.7 ± 12.5), median 43.5. There were 20 men and 22 women.
Cataract or prior phacoemulsification in at least one eye was detected in 38 patients (90.48%). Mean age at cataract diagnosis was 40.2 ± 10.9 years. Among 28 (73.65%) patients that had the diagnosis of cataract made in our institution, two had visual acuity worse than 0.3 and were submitted to surgery and the others are still in visual monitoring. Ten patients with cataracts were followed up outside the institution and four (40%) were operated. Four patients (9.52%) in the cohort had no signs of cataract in either eye. These were one woman and three men aged 17, 20, 23 and 30 years, respectively.
A detailed frequency of ophthalmological findings in the cohort is displayed in Table 1 . Ishihara's vision color test was normal in all fourteen patients examined. Nystagmus was absent in 34 patients (80.95%); the remaining 8 (19.05%) had physiological nystagmus. None of the subjects presented pathological nystagmus.
The results of MFM-P scale are shown in Table 2 and Figure. Statistical analysis revealed a significant correlation between MFM-P and age (r = -0.668; p < 0.001), but no correlation between IOP and MFM-P considering each eye. MFM-P also had a significant correlation with Titmus test (r = -0.467, p = 0.007). Patients with cataracts had lower MFM-P scores in comparison to those patients without cataracts (75.9 ± 14.5 vs 95.8 ± 2.7, p = 0.019). In addition, ptosis was also associated with lower total MFM-P scores (73.1 ± 15.2 vs 84.5 ± 12.2, p = 0.031). 
diSCUSSiOn
In the DM1 cohort we observed a high frequency of cataract and low IOP, the first sign with significant correlation with MFM-P. In contrast, MFM-P versus IOP was not significantly correlated. Although cataract is a cardinal sign of DM1, it generally develops with disease progression, expressed in our patients with lower scores of MFM-P. The typical DM1 lens opacity is named "christman's tree" cataract, the expression of iridescent multicolored posterior capsular lens opacity 11 , at least in earlier stages of its development. This pattern is difficult to see in cases with mature cataract 5, 11, 12 . Four patients with genetically proved DM1, aged up to 30 years, had transparent lenses and were under the mean and . There are several hypotheses to explain how cataracts develop in patients with DM1: haploinsufficiency of SIX5 gene expression 13, 14 , toxicity of DMPK gene products 15 , instability of DMPK gene with repercussion in the expression profile of the epithelial cell of lens 12 . It is important to realize that even patients with small CTG expansions may present cataracts, and this may be the unique clinical sign in these subjects 16 . In this study, we were not able to correlate the frequency of cataracts with the genotypes because we employed a qualitative method (TP-PCR) for most patients and also because some patients were not tested directly. Eyelid ptosis, not associated with external ophthalmoplegia, was the second most frequent finding in the cohort. It was significantly correlated with poor motor performance expressed by MFM-P scores, which suggests it is a manifestation that evolves along disease course. Aring et al. 17 documented swollen eyelids 'pseudoptosis' in their patients younger than 18 years, while blepharoptosis was reported to be rare.
Previous reports highlighted low IOP in some patients with DM1 6, 18 . In these studies, authors hypothesized that low IOP could be related either to increased aqueous humor outflow or decreased aqueous secretion. However, a complete pathophysiologic model to explain reduced IOP is still not available 6, 18 . In our mostly adult cohort, the most common refractive error was myopia. This is in contrast to Bollinger et al. 19 who described 86% of eyes with hypermetropia, +6.0 Dioptrias for children (n = 27) and +2.10 Dioptrias for adults (n = 5).
Stereopsis of 40 seconds of arc is seen in normal population 20 . We found stereopsis worse than 40 in 80% of our patients. This might be explained by strabismus 20 , anisometropia 21 , prolonged interoperative period after bilateral cataract extractions 22 or the presence of bilateral cataracts 23 . We found a predominance of exodeviations in our patients, which is in line with Burian and Burns 6 .
In conclusion, the most frequent ophthalmologic signs in the cohort of DM1 patients, issued from a university hospital, included cataract, ptosis, low IOP, and eye movement abnormalities. Cataracts and ptosis occurred in patients with worse motor function as seen by MFM-P. IOP occurred independent of disease evolution or motor dysfunction.
